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THE CRYSTAL STRUCTURE OF POTASSIUM METAVANADATE

MONOHYDRATE, KVOs-H20
By €. L. Christ, Joan R. Clark, and H. T. Evans, Jr.
ABSTRACT

KVOz-Hz0 is orthorhombic, Pnam, a = 8,151 A, b = 13,585, ¢ = 3.69,
Z = 4, A trial structure, established by the use of a vector shift
method applied to the Patterson projection on (001), was refined by
electron density projections including bounded projections, and by
least squares analysis. In the structure each vanad;um atom is linked
to five oxygen atoms to form a distorted trigonal dipyramid; the poly-
hedra so formed share edges to form continuous chains parallel to the
c axis. This fivefold coordination is analogous to that which exists

in V20s5.
INTRODUCTION

When vanadium pentoxide is dissolved in a solution of potassium

hydroxide, and the solution maintained at a pH between 6.5 and 8, clear

colorless needles of both potassium metavanadate, KVOs, and its monohydrate,

KVO3-H»0, are readily produced on concentration and cooling. This pH
range comprises the so-called "metavanadate" stability range, in
contrast to the range of pH >10 corresponding to the "orthovanadates”,
the range from pH 8 to 10 corresponding to the "pyrovanadates”, and the
range corresponding to the orange "polyvanadates" from pH 6.5 to the
isoelectric point at pH 1.6 at which point brown Vo0s hydrates precip-

itate., The system Nag0-Vz0s-Ho0, which is characterized in a general way



by the stability ranges referred to, has been the subject of consid-
erable study of various workers and by various physical chemical methods.
[See for example Dullberg (1903), Jander and Jahr (1933), Souchay and
Carpeni (1946), Ducret (1951)J Although the reactions involved are
usually considered to be & series of successive condensations toward
higher molecular weight complexes with increasing acidity, no details
have been established to dat= comcerning any of the molecular structures,
or any of the mechanisms involved. In the U. .S. Geological Survey
laboratories, we are making an attempt to approach the problem of the
constitution and interrelation of the many phases pregent in the system
Ko0-Vo0x-H20 by means of crystal structure analysis of the solids which
app=ar. In this paper the crystal structure of KV0g¢Hz0 is described

in detall., [A preliminary account has been given in Christ, Clark, and
Evans (1955)53 A study of the structure of KVOs; has been completed

and will be described im a forthcoming article,

KV0a and KVO0;Hp0, although their crystal structures have been
revealed to be entirely different, are very similar in chemical and
physical properties and mode of genesis. Both are sparingly soluble in
cold water and readily soluble in hot water and both have proncounced
fibrous clesvage., When a potassium metavanadate solution is rapidly
cooled; a crystalline precipitate characterized by fine hairlike needles
appears, which is mainly KVDs. As cooling slows at lower temperatures,
needles of similar habit of KVOs5°Hp0 are also formed. On very slow
crystallization by evaporation, radiating groups of blunt rods of
KVQn -Hx0 are produced, sometimes simultanecusly and in contact with
stubby, pseudo-cctahedral crystals of KVQs. KV0s-HoD apparently converts

to KV0z on grinding.



KVOz -Hz0 was first recognized by Norblad (1875) and was noted by
Fock (1889), but otherwise to our knowledge is not mentioned in the

literature,
EXPERIMENTAL WORK
Preparation of crystals and chemical analysis

At the beginning of this investigation it was believed that the
two compounds crystallizing in the pH range between 6.5 and 8 were
polymorphic forms of KVO3. The structure analysis, however, soon showed
clearly that the substance dealt with here was a monohydrate and was
entirely consistent with a compound of formula KVO5-HoC. With this in
mind it was then possible to resolve the difficulties in chemical
analysis which arose from the fact that mixtures were being dealt with.
By very slow crystallization, mixtures were prepared containing crystalé
sufficiently large to ensure efficient separation. An analysis, in

perzent, of the KV0sz-Ho0 obtained in this way is given below:

K20 Vgnr; H20 Total
Found: 30.24 58.40 11.64 100.28
Theoretical: 30.18 58.28 11,54 100.00

Analyst, George B. Magin, Jr., U..S. Geological Survey
A drawing of the typical blunt-rcd habit of KVOs-Hz0 is given in figure 1.
-Space group and unit cell dimensions

Zerc and upper level photographs around {[001], made on both
Weissenberg and precession cameras and with both zirconium-filtered

MoK (Mo/Zr) and nickel-filtered Cuka(Cu/Ni) radiations, were used to
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establish the lattice type and symmetry. Systematic extinctions were
found to be of the type hofl, h # 2n and Okf, k +/ # 2n. These lead
to the space groups Pnam (Don?®) or Pna (Cav9). Visual examination of
the reflections obtained on rotation_pattern; made around [OOi]establishes
that corresponding reflections on all even layer lines are similar, as
are those on all odd layer lines. It follows that in this structure
most atoms are situated on planes parallel to (001l) and c/2 apart. This
fact suggests that all the atoms lie on mirror planes in the space group
Pnam, and on this assumption a satisfactory structure has been determined.
Iattice constant measurements were made with a precesslon camers,
the crystal to film distance of which had been accurately calibrated by
use of a quartz crystal. Patterns of the (hof) and (0&@) zZones were
prepared using Mb/Zr radlation and were corrected for horizontal and
vertical shrinkgge; The values of the cell edges derived from these
patterns were Ehecked.against those derived from a powder pattern made
with Cu/Ni radiation., The powder data are given in table 1. As KVOz-Hgz0
converts to KVO3 on grinding, it was impossible to prepare a powder
vattern of KVO3°Ho0 only; the data of table 1 correspond to the mixture.

The crystallographic data for KVOs:-Hpo0 are callected below:

Orthorhombic: Space group Pnam (Doh'®)
a = 8,151 + 0,008 A cell contents 4(KVOz-Hz0)
b = 15.586‘i 0.010 density (calc.) = 2.53 g em™
¢ = 3,697 + 0,004 density (obs.) = 2.52 g cw >

(MoA:Ka = 0.71069 A, Koy = 0.70926 A)
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Intensity measurements

For the intensity measurements multiple film Welssenberg patterns

using Mo/Zr radiation were prepared. Three films interleaved with

0.0005 inch Ni foil were used for each exposure. The (hkO) and (hkl)

zones were recorded from a prismatic crystal having nearly equidimen-

sional cross section, approximately 0.1 x 0.1 mm, ‘A comparisoh strip

of intensities was prepared by recording a given reflection from the

crystal for varying known lengths of time, using the same experimental

set-up and crystal as was used in preparing the Weissenberg patterns.

The estimated intensities were converted to thkL'a values through

use of the Lorentz and polarization factor tables of Buerger and X

the

lein

(1945) for the hkO's and the Lp chart of Cochran (1948) for the hkl's.

No attempt was made to correct for absorption effects, which were assumeq

to be relatively small owing to the small cross-sectional size of the

crystal used and to use of MoKx radiation.

Other considerations

In the initial stages of the analysis the observed and calculated

structure factors were related by use of the scaling constant k, where

k Z[Fo| =Z|F.) . Subsequently, the relationship k|Fo| = | Fcl
exp EB(sinZQ)/R?J was used to fix the absolute scale of the observ
structure factors, and the value of the coefficient B of the tempe
factor. For the final values of the coordinates, B = 1.22 A® for
(hk0) zone and 0.71A2 for the (hkl) zone.

The Hartree atomic scattering curve for 0 was used for the o

+
atoms and for the water molecule. For K a scattering curve corre

ed
rature

the

xygen

sponding
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to the Thomas-Fermi values for K for (sin@)/l?fo.l Aml, and smoot

in to £ = 18 for (sin8)/A = 0 A™", was used. At the beginning of
structural analysis a curve prepared in an analogous fashion for V
was used. It was later found that significant improvement in the
ment between calculated and observed structure fagfers at small (s
values was obtained when the Thomas-Fermi values for V were used.
subsequent refinement was made using these values. All values of
scattering factors were taken from the International Tables (1935)
Maxima on the electron density maps used in determining the s

were located by the method of Booth (1948).
DETERMINATION AND REFINEMENT OF THE STRUCTURE

The structural problem consists of determining the paramsters
1 potassium, 3 oxygen, and 1 water in the positions 4(:) of the sp
group Pnam (International Tables, 1935). The relatively short ¢ a
suggested the use of the Patterson projection on (001) for the det

of the essential features of this structure, and accordingly this

hed

the

agree-~
in@) /A
The
the

o

tructure

of

ace-

xis
ermination

projec=

tion was prepared with the thko’2 values on an arbitrary basis and the

|Prool? term omitted. Buerger (1951) has shown how the Patterson
projection on (001) for a crystal of similar symmetry and dimensio
berthierite FeSbaSe (Pnam, a = 11.4k, b = 14,12, ¢ = 3.76 A, Z = I
be converted to an approximate electron density map through the us

his minimum function analysis. Buerger's procedure for FeSbsB4 wa

4]

followed for KVOa+«Hz0 and the approximate/gL(x,y) mep shown in figure 2

was obtained,i/ From this map x and y coordinates for the two hea

7 It should be pointed out that with the Fnpn 2 term omitt

vy

ed it

was necessary to copntour all the levels of the Patterson map, including

the negative ones, in order to finish with a meaningful approximat.

/02 (X?%V) mAD .
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atoms K and V were assigned and structure factors Fy;, calculated
using the same atomic seattering curve for both atoms, that of KZ
These coordinates are given in column 1 of table 2, which lists the
coordinates and discrepancy factor R found for each stage of the
refinement, Signs calculated on the basis of these coordinates
permitted the evaluation of /0Z (x,y) using 87 terms. From this map
coordinates for all the atoms, but not for the water mplecule, weve
assigned and a second /OZ- (x,y) containing 136 terms calculated.
Actually, a peak corresponding to the water molecule appeared on the
first /OL (x,y) map as well as on the approximate /Oz (x,y) map derived
from the Patterson fumction. As it was believed that the compound
was anhydrous, this peak was &#ismissed as being spurious, and was
expected to disappear in subsequent electron density refinement, but

at the completion of the second /"Z(x,y) map, it was realized that the
peak was real and that the compound was a monohydrate., This was fully

verified, first, by the completed structural analysis and subsequently

by chemical analysis, as has been explalned previously. The coort?.inates
assigned on the basis of the second /z (x,y) map are given in table 2,
column 2, Two successive /Oz (x,y) maps were then prepared, the second
of which contained 152 Fhk,o's , on an absolute scale, correspo to
all of the non-zero intensities measured. Parameters derived from this
last map were then used in fixing the signs of the Prx 2’3 entering in
a bounded electron density projection described below.
All of the atoms are well resolved in the electron density pro-

Jection /07_ (x,‘y) except V and OIII° To obtain parameters for these

atoms and to check the parameters of the other atoms, the projection

on (001) of the electron density between z = 0 and z = % wes prepfred,



[

1k

following the method of Booth (1948). The expression for the bounded

projection of interest here has the form

(1) s(x,y)) =% % Z Z Fnko cos 27T (hx + ky)

+ 1

L= 2
_Elr Fug 4
A[Ei;g 7 sin 2T (hx + ky)

-0

The first sum within the brackets of equation 1 is simply the usuﬁl

electron density projection on (Q0l); hence the equation may be

rewritten as

(2) s(x,y) =% /(%) - 11% s'(x,y)
where
A= =2n+1
(3) St (x,y) = Z Z Z Fhk,ﬁ sin 2T (hx + ky)
h k
- >

For the space group Pnam equation (3) reduces to

= 2n
(1) 'S—'é:m = E sin 2T hx cos 27 ky

=2n+l

h +
Z Z F'yp cos o hx sin 2T ky
- .

0

where

o
= Z
L

- KD
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In evaluating S'(x,y) the Fy g, velues for L 41 (f=2n+1),

were derived from the Fpxq values in the following way: it was a

that within a sufficient degree of approximestion the shapes of th

sumed

scattering curves of the atoms involved are the same as that of some

average reference atom. In the present case the reference scattering

+
curve was taken as the average of those of K and V, because thes

contribute much more to the scattering than do the O atoms., If one

writes the atomic scattering factor in the form
.Jg (nxf) = 2, g(nxd)

where g(hkﬂJ defines the shape of the reference scattering curve,

atoms

then

for Ppam and z = %»for the atoms of the asymmetric unit, it follo%& that

Fhkl =-Fhk5 = Fhk5 = soodvsoe00 — (“"1)31%3: Fhl{n
g(hk1) g(hk3)  g(hk5) g(hkn)

The function S'(x,y) was evaluated with the magnitudes of the Frif,'s

on an arbitrary scale, the signs being calculated from the atomic
obtained from the last GZ(x,y) map. The scale of S§'(x,y) was adj
to make the average electron density of the bounded projection zej
regions where the heavy atoms do not appear in this projection.
parameters derived from this first bounded projection are given iz

3 of table 2.

parameters
nsted

ro in

The

n column

The bounded projection used here involves the difference of two

separate series, the first a cosine series having as coefficients

Fpxo values and the second a sine series with the (Fhk@)/z values

the

as

coefficients. Distortion is introduced into the bounded projectlion if

two series of unequel length are used, i.e., if the cosine and sipe series

are not terminated at the same value of (sin®)/A. A second source of
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distortion will arise if the experimental threshold values of the
observed Fyyp values are different for the (nk0) and (hkl) zones.
If these threshold values are appreciably different, an imbalance in
the number of terms of small magnitude in each of the twp series

results.

With these facts in mind, a second bounded projection was eIlu-—

2
term for which (sine)‘/l > 0.7 A™" was used, For each Frig, observed

ated. The Fyy g values Were put in on an absolute bhasls and no F

to be absent, for reflections up to and including (sin@)/A = 0.7 A™%,
the experimentally determined threshold value was substituted. This
second bounded projJection, shown in figure 3a, is relatively free
from distortion and considerably improved in this respect over the first
one, The /;_ (x,y) map used in the preparation of this bounded projection
is shown in figure 3b.
Finally, a least-squares analysis of the x and y parameters of Of,
011, and -OIII was carried out using unweighted coefficients, and based
cn the parameters of column 3, table 2. The final parameters are given
in column 4, table 2. For Op, Opp, and Oppy these were obtained by
applying the least-squares corrections. For the K, V, and Hg0Q parameters,

the data of all of the electron density projectioms were considered Lo

arrive at the best choice, The standard errors associated with the
oxygen atom parameters obtained from the least-squares analysis #e very
nearly the same for the three atoms; the averages are £,= 0.016 A and
£y = 0,018 A. It was assumed that the limiting error in the V and K
parameters was that of fixing the peak positions from the electrgn

density maps. Assuming this to be a maximum of 0.001 in cycles, the

corresponding standard errors are &y = 0.004 A and &y = 0.007 A, The
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above errors lead to standard errors in the bond lengths of approxi-
wmately + 0.02 A for V-0 and K-O bonds, and + 0.03 A for 0-0 bonds.

The corresponding error in 0-V-0 bond angles is about + lo. The precise
positioning of the Hz0 molecule was not considered to be of any real
importance; the standard errors of its x and y parameters are of the
order éf 0.03% A,

Throughout the course of the structure analysis plots of R' vs
sin ©, as suggested by Luzzati (1952), were found to be very helpful
in deciding whether the structure was converging. ©Such a plot based
upon the final parameters and compared with the corresponding theoret-
ical curves of Luzzati indicates a maximum mean error in bond length,

IZX;l = 0.04 A, entirely in égreement with the least-squares results.
DESCRIPTION AND DISCUSSICN OF THE STRUCTURE

A pictorial view of the structure of KVO3+-Hz0 is given in figure 5,
and a projected view in figure ha, It is seen that each vanadium atom
is linked to five oxygen atoms to form a distorted trigonal dipyramid.
The trigonal dipyramidal polyhedra share edges to form continuous
chains parallel to the ¢ axis, accounting for the observed pronounced
fibrous cleavage. The coordination of oxygen atoms around the vanadium
atoms is shown in detail in figure 6; the corresponding vanadium-oxygen
bond lengths and angles and others of importance in the structure are
listed in table 3. As shown in the projected view of figure ha, O1s
Or1, and Oppp lie at the vertices of a triangle containing the vanadium
atom, which is displaced away from the center of the triangle toward
the edge 07077. The vanadium-oxygen bonds lying in the triangle are:

V-0 =163 V - Opp = 1.67, V = Oppp = 1.99 A. The plane defined
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N N
Y
Figure La.--Structure of KVO3°H,0 projected on (oo1).
== =
=0 u\go
A

Figure 4b.--Structure of V505 projected on (001), after
Bystrom et al. (1950).
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Figure 6.,--Details of vanadium-oxygen coordination for KVO4°H50.
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as that plane containing the vanadium atoms and parallel to the ¢
axis, also contains the OIII atoms. If the bond lengths V - Og

and V -~ Opp, and the bond angles Oy -~ V - Oppp and Opp - V = Opyp

were the same, respectively, this plane would then be a plane of
symmetry. The lengths V - O and V - Oy were found to be 1.63 + 0.02
and 1.67 + 0.02 A, respectively. A rough statistical calculation
shows that there is ﬁigh probability that the V =« Or1 bond is truly
longer than the V - OI bond. This conclusion is supported by the
difference in bond angles found. It seems probable therefore that the
chain does not conform exactly o a plane of symmetry. Detailed
examination of the structure shows that the OI - K and OII - K lengths
are different: K - Op 1s 2.79 + 0.02 A; and X - Opp is 3.10 + 0.02 A,
Thus, it seems likely that the small departures from planar symmetry
in the chain are due to packing effects which result in overall lowering
of the lattice emergy. The Ofrr - OrrI distance of 2.34 A is quite
short and results from strong polarization of these atoms by the
vanadium atoms. This postulated polarization is in agreement with the
experimental observation that the atomic scattering curve for neutral
vanadium gave better results than did that for V'5,

Fivefold coordination in crystals is rare. The only analogous
situation seems to be that of Valy (Bystrom et al., 1950). In this
compound there is a quite similar distorted frigonal dipyramidal poly-
hedral chain linkage as may be seen by comparing figs. ha and ¥b. The

chains as found for KV0s-Ho0 are further linked in Vo0s through oxygen

‘atoms to form the more condensed system. The bond lengths of interest

in the two compounds are compared in table 4, For what has here been

designated the V - O; bond, the length in Vz0s (1.77A) is significantly
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longer than that in KVOz°Hz0 (1.63 A). This is to be expected
because in V205 it is this oxygen atom which links the chains
together to form sheets, The bond in Vo0 corresponding to the
V - Oy bond of KVO3°Hz0 is quite short, being only 1.54 A in length,
and must therefore be quite highly polarized. The differences in
the configurations of the chains of the two compounds are such that
despite the much smaller V - O bond length in Va0s the smallest O - U
separations are nearly the same for the two compounds. The other bonds
common to the two compounds have very nearly the same lengths. It is
interesting that Vo0s5 is yellow red whereas KVOs-Ho0 is colorless,
It is difficult to decide what differences in the bonding of the two
compounds leads to this difference of absorption in the visible
spectrum. It is to be hoped that the results of crystal structure
analysis of other vanadates being carried out in this and other labo-
ratories will permit this question to be dealt with effectively Ilater.
The K of K¥Qs3-H20 is surrounded by six oxygen atoms and two water
molecules in roughly cubic coordination with the K - Q bond lengths
given in table 3.
Comparisons of the observed and calculated structure factors for

the zones (hkO) and (hkl) are listed in tables 5 and 6.
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Table 1l.--X-ray powder data for KVOsz-Hx0 and KVQs

These data correspond to a mixture of KVO3-HpO and KVOs
which is obtained when crystals of KVO3-Hz0 are powdered.
The dpkg, values for KVOz-Hz0 are calculated from the lattice

constants given in the text; the dyp) y values for KVOs are
derived from the following data: orthorhombic a = 5,70,

b =10.82, ¢ = 5.22 A, The lines were indexed with the
help of a KVOs powder pattern. Cu/Ni radiation A = 1.5418 A
was used. Data listed omly for dpky > 2.00 A. The lines
corresponding to KVOz are so indicated, the other lines
being due to KVOz-Hz0.

Measured Calculated
I dn f, by bkl
15 7.00 6.99 110
5 5.39 5,41 020 KvVOs
5.22 001 KVOs
9 2.20 5,22 120
3,904k 210
10 5-910 3,92k 120 KVOs
8 3,748 3,756 021 KVOs
10 3,488 3,495 220
7 3,262 3,268 111
3,135 140
o 3.128 3,136 121 KVOs
. 3,017 121
11 3,024 3.050 230
2,850 200 KVOs
13 2.85k 5.864 031
i 2.735 2.7%8 201
) 2,684 211
11 2,680 2.702 131
8 2.607 2.609 2kho

2.610 © 002 KVOs

2.521 220 KVOa

7 2.526 2.59% %20
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Table 1l.--Continued

Measured
dpk 4,

2.440
2.402
2,342

2.302
2.257

2.179
2.125

2,043
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2.437
2.h02
2.343
2.318

2,261
2,264

2.182
2.122

2.038

Calculated

hk 2

211
ol
231
112

250
060

160
340
koo

KVOs

KVOs

KVOs
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Table 2.--Atomic positional parameters for KVOs-Hz0

(N
Parametersggy
v X
y
K b'e
y
OI X
N
y
y
H20 X
(‘.‘ y
R 3/

Stage of refinement ;/

0.07
0,08

""O 025
“O 928

0,45

0.073
0.080

"'0 02,4'15'
"’O 0279

"'O o 003
0,198

0.267
0.100

—O a058
“'O 0014-2

0.125
0,420

Go§l6

3

OoOTbr
0,082

‘O oa‘l‘l‘h
""O ° 278

-0.005
0.195

0.276
0,095

-0.046
-0.048

0,119
0. 41k

0.159
0.194

L (final)

0.07h
0.082

‘O ogh‘l"
-0.278

""00005
0,192

0.277
0,096

"“O nolt'l
""Q UOL}T

0.118
0.412

0.1k2 (hkO0)
not cale. (hkl)

1/ See text for description of stage of refinement.

2/ All atoms in the asymmetric unit at z =
Discrepancy factor.

3/
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Table %.--Bond lengths and bond angles for KV0s-Ho0

Bond lengths (A) Bond angles (°)
V - 01 1.63 01 - V - 011 106
V - Or7 1.67 07 -V - Orq7 128
V- 0'rpp 1.93 (2) Ory -V - Or77 12k
V - 0171 1.99 O'ggp - V- O'ppp 147
(V-0 bonds + 0.02) Oy -V -0'ryp 100

01 - 017 2.6k (all + 1)
01 - O'rr N E

Orr - O'r11 2.75

Oryr - O'111 2.34 (2)

(0-0 bonds + 0.03)

K - 0; 2.98 (2), 2.79 (2)
K - Orp 3.10 (2)
K - Hz0 2.79 (2)

(k-0 bonds + 0,02; K-Hz0 bonds + 0.04)

V-7 3.14% + 0.02
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Table L4.--Comparison of bond lengths for KVOz-Ho0 and VoOs

KVOs -H30 V205

V - 01 1.63 A 1.77 + 0.03 A
V - OII 1967 105)'1' i’ Oe06
V - O‘III 1095 14:88 i anll'
V- 0pqq 1.99 2.02 + 0.08
Op - 0pg 2,6k 2,63

oI - o*III 2.73 2.70

011 - O'1171 2.75 2,73

0 - Q! 2,34 2.39
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Table 5.--Observed and calculated structure factors, hkO
Values of F. based on the atomic coordinates of column 4, table 2
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Table 5.--Continued
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Table 5.--Continued
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Table 6.--Observed and calculated structure factors, hkl

Values of F, based on the atomic coordinates of column 3, table 2
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Table 6.--Continued
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Table 6,--Continued

(] [ o
8,13,1 - 6.5 11,5,1 10.8
8,14,1 k.3 11,6,1
8,15,1  23.8 29.5 11,7,1 29,7
8,21,1 10.8 -19.7 11,8,1 8.1
11,9,1 9.7
911 2kh,3 22.8 11,10,1 8.6
921 17.3 15.3 11,11,1
931 10.8 12.5 11,12,1
9k, 2h .8 27.0 11,13,1 20,5
951 28.6 -34.8
961 15,1 -15.8 12,1,1
971 1k .0 - 5.5 12,2,1
981 16,7 -16.1 12,3,1 19.k
991 20.5 -22.4 12,41
9,10,1 17.3 -20.3 12,5,1
9,11,1 23,8 28.5 12,6,1 9.2
9,12,1 3.9 12,7,1
9,13,1 9.2 3.9 12,8,1
9,1k4,1 18.9 18.8 12,9,1 . 12.4
9,15,1 9.7 8.8 12,10,1
9,16,1 12.0 12,11,1
9,17,1 10.3 -10.5 12,12,1 12,4
9,18,1 0.7
9,19,1 13.0 ~13.7 135191
13,2,1 173
10,1,1 16,7 -2k, 3 13,3,1
10,2,1 1k.6 7.1 13,4,1 9.2
10,3,1 1.6 15.2 13,5,1 9.2
10,4,1 11.3 - 7.0 13,6,1 9.2
10,5,1 11.3 -13.9 13,7,1
10,6,1 23,2 -25,k 13,8,1 13.5
10,7,1 - 2.2 13,9,1
10,8,1 17.8 12,7 13%,10,1
10,9,1 2,6 13,11,1 13.0
10,10,1 14,0 10.3
10,11,1 - 9.5 1h,1,1 14.6
10,12,1  17.3 13.0 1h,2,1
10,13,1 12,1 1k,3,1
10,14,1  13.5 11.1 1,k
10,15,1 - 5.2 1k4,5,1 9.2
10,16,1 8.6 - 79 14,6,1
10,17,1 114 17,1
10,18,1 10.8 - 7.8 1k4,8,1
14,9,1 10.8
11,1,1 25,9 24 .6
11,2,1 12,k -1k4,9 15,1,1 9.2
11,3,1 7.6 - 8.8 15,2,1 9.2
11,41 13,5 -1k, h 15,3,1

15,4,1 10.8

15,5,1 13,0
*Not registered. 15,6,1
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